
AEROSPACE REPORT NO. 
ATR-2005(5056)-1 

Final Report 
Period Covered: 3/03-4/05 

1 August 2005 

Prepared by 

J. H. HECHT, J. H. CLEMMONS, N. KATZ, M. 
and P. A. CARRANZA, 
Space Science Applications Laboratory 
Laboratory Operations 

M. LARSEN 
Clemson University 
Clemson, SC 29634 

Prepared for 

BEN-AMI, 

NASNGSFC 
Greenbelt, MD 20771 

Contract No. NAG55412 

Engineering and Teclinology Group 

PUBLIC RELEASE IS AUTHORIZED 



LABORATORY OPERATIONS 

The Aerospace Corporation functions as an "architect-engineer" for national security programs. specializing in 
advanced militan. space systems. The Corporation's Labomto? Operations supports the effective and timely 
development and operation of national security systems tlmugh scientific research and the application of 
advanced technology. Vital to the success of the Corporation is the techcal staff's wide-ranging e.\pertise and 
its ability to stay abreast of new technological developments and progmn support issues associated with rapidly 
evolving space systems. Contributing capabhties are provided by these individual organizations: 

Electronics and Photonics Laboratory Microelectronics. VLSI reliability. failure analysis. 
solid-state device physics. compound semiconductors. radation effects. in fmd and CCD 
detector devices. data storage and &splay technologies: lasers and electro-optics. solid-state 
laser design. micro-optics. optical communications. and fiber-optic sensors: atomic frequency 
standards, applied laser spectroscopy. laser chemistry. atmospheric propagation and beam 
control. LIDAR/LADAR remote sensing: solar cell and array testing and evaluation batter?. 
electrochenustq. battev testing and evaluation. 

Space Materials Laboratory: Evaluation and characterizations of new materials and 
processing techniques: metals. alloys. celamics. polymers. thm films. and composites: 
development of advanced deposition processes: nondestructive evaluation. component failure 
analysis and reliability: structural mecharucs. fracture mechanics. and stress corrosion: analysis 
and evaluation of materials at cryogenic and elevated temperatures: launch vehicle fluid 
mechanics. heat transfer and flight dynamics: aerothermodynamics: chemical and electric 
propulsion: emironmental cheinisty combustion processes: space emrironment effects on 
materials. hardening and vulnerability assessment: contamination. thermal and structural 
control: lubrication and surface phenomena. Microelectromechanical systems (MEMS) for 
space applications: laser micromachining: laser-surface physical and chenucal interactions: 
micropropulsion: micro- and nanosatellite mission analysis: intelligent microinstruments for 
monitoring space and launch system environments. 

Space Science Applications Laboratory: Magnetospheric. auroral and cosnuc-ray physics. 
wave-pamcle interactions. magnetospheric plasma waves: atmospheric and ionospheric physics. 
density and composition of the upper atmosphere, remote sensing using atmospheric rahation: 
solar physics. infrared astronomy, infrared signature analysis: infrared surveillance. imaging and 
remote sensing: multispectral and hyperspectral sensor development: data analysis and 
algorithm development: applications of multispectral and hyperspectral imageq to defense. civil 
space. commercial. and environmental missions: effects of solar activity. magnetic storms and 
nuclear explosions on the Earth's atmosphere. ionosphere and magnetosphere: effects of 
electromagnetic and particulate radations on space systems: space instrumentation. design. 
fabrication and test: emrironmental chemistn. trace detection: atmospheric chemical reactions. 
atmospheric optics. light scattering. state-specific chemical reactions. and radiative signatures of 
missile plumes. 



AEROSPACE REPORT NO. 
ATR-2005( 5056)-1 

TRIO: TURBULENT RESPONSE IN OXYGEN 
FINAL REPORT 

PERIOD COVERED: 3/03-4/05 

Prepared by 

J. H. HECHT, J. H. CLEMMONS, N. KATZ, M. BEN-AMI, and P. A. CARRANZA, 
Space Science Applications Laboratory 

Laboratory Operations 

M. LARSEN 
Clemson University 
Clemson, SC 29634 

1 August 2005 

Engineering and Technology Group 
THE AEROSPACE CORPORATION 

El Segundo, CA 90245-4691 

Prepared for 

NASNGSFC 
Greenbelt, MD 20771 

Contract No. NAG55412 

PUBLIC RELEASE IS AUTHORIZED 



AEROSPACE REPORT NU. 
ATR-Z005(5056)*f 

TIUO: TURBULENT RESPONSE IN OXYGEN 
FINAL REPORT 
PENOD COVERED: 3/03-4/05 

Prepared 

YSpace Sciences Department 
Space Science Applications Laboratory 

Approved 

J. H. dEMMONS, Director 
Space Sciences Department 
Space Science Applications Laboratory 

.. 
11 



Abstract 

This project was designed to build on the results from the successful launch of the 
Turbulent Oxygen Mixing Experiment (TOMEX) mother-daughter (instrumented and 
chemical-release) payload (21.126) that was launched in October 2000 from the 
White Sands Missile Range. The overall science objective was to investigate the 
evolution of the atmospheric response. at altitudes between 80 and 120 km, to the 
presence of unstable regions with vertical scales of the order of 1 to 10 km. TRIO 
was designed to use Na lidar measurements from the MAUUMALT observaton on 
MAUI with a launch of a payload from Pacific Missile Range Facility (PMRF), 
located on Kauai. During this project, Aerospace participated in a Mission Initiation 
Conference. put together a science requirements document. performed a site visit to 
PMRF. prepared a CDR document. and developed a production and calibration pro- 
cedure for one of the payload instruments. the 3-channel photometer. Unfortunately. 
NASA decided to terminate the program because of unforeseen (by NASA) range 
costs. This CDR document represents our view of this pro-ject at termination and 
provides a roadmap to perform this experiment should it be proposed again. 
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111 



Contents 

1 . Introduction . . . . .. . . .. .. . . . . . . . . . . . . .. ..................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

..................................... 

2.1 Science Overview 

2.2 Mission Overview ... ........................................... 

3. Instrument Descriptions 

3.1 Ionization gauge ............................................ 
. .  

3.1.1 Descnption ......................................... ............................. 

3.1.2 

Photometers ... . . . . . . . . . . . . . . . . . . . . .. . . .. . . .. .. .. . . . . . . . . . . . . .. . . . . . . . . . . 

Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . ...................... 

3.2 ..................................... 

..................................... 

3.2.2 Requirements. .......................................................... 

4. Chemical Release Modules ... .......................................................... 

4.1 Description ... ............................................................... 

4.2 Requirements ........................................................... 

4.2.1 

4.2.2 

4.2.3 

4.2.4 Flight qualific 

4.2.5 

4.2.6 Range suppo 

Outgassing, magnetic sensitivih, radio frequency interference requirements 

Time/altitude of experiment related events. .. . . . . . . .. . . . . . . .. . . . . .. . . . . . . . . . .. . . . . . . . . . . . . .. .. 

Instrumentation/telemetI?. . . . . . . . . . . . .. .. . . . . . . . . . . . . . . ... . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . .. . . . . .. .. 

Restrictions, precautions. special requirements: ....... 

4.2.7 Launch conditions and windows ................ ...................... 

5. Ground-Based Instruments at MAUVMALT Facility.. . . . . 

5.1 Descnption .............................. 

5.2 

. .  

Requirements .. . . .. . . .. . . . . . . .. . . .. . . .................................................... 

6.  Special Launch Requireme 

1 

3 

3 

4 

5 

6 

6 

6 

7 

7 

8 

11 

11 

13 

13 

13 

13 

14 

14 

14 

14 

15 

15 

15 

17 

iv 



6.1 Lidar Pointing .................................... 

6.2 Launchers ...... .................................... 

6.3 Launch Window .................... .............................................................................. 

.......................... . ............................. 

.................... . .... ..... .............. . ......... 

7. Payload Requirements . . . .. .. . ................................................ 

. . . . . . . . . . . . 7.1 Overview ...................... ............................................... 

............ 7.2 Payload Layout. ............ ............................................... 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

........................ 

........................ 

.................................... ..................................................... 

Electrical Connectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .................................... 

..................................... 

Nose Cone and Skin ........................... 

Environmental Issues ................................................. 

7.9.1 Outgassing ... 

7.9.2 

.................................................. 

Magnetic material sensitivity .. .. .. .... .. .. .. .. .. .................................... 

.................................... 

8. Mission Requirements ... . . . . . .. . . .. . . . . . . . ......... .. .. . ................................................. 

8.1 

8.2 

Integration 

Testing and Evaluation . . . . . . . . . . . . . .. ._. . .. . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . .. . . . . . 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................................... 

........................ 

8.3 Ground Suppo rt......... ........................ .............. .. ........ , ....................... 

8.3.1 

8.3.2 

Telemetq ground station . . . . . . . . . . . . . . . . . . ..................................... 

Imager at Kauai ......... ............................ 

8.4 Other Range Support .................................... ..................................... 

8.5 Post-launch Requirements . .. .. . . .. .. .. . . . . . . .. .. ..................................... 

9. Success Criteria ............................. ...................................... 

9.1 Comprehensive Success Criteria ............................................. 

9.1.1 Campaign ..................................... 

9.2 Minimum Success Criteria ........................................ ..................................... 

9.2.1 Campaign ... ., .. .. .. .. .. .. . . .. ........ .. .. .. .... .. . ................................................ 

17 

17 

18 

19 

19 

19 

19 

19 

20 

20 

20 

20 

20 

20 

20 

20 

21 

21 

21 

21 

21 

22 

22 

22 

23 

23 

23 

24 

24 

V 



IO. Contact Information.. . ....................................................................................................... 25 

10.1 The Aerospace Corporation ........................................................................................ 25 

10.2 Clemson University ............................................................................. ... 26 

10.3 University of Illinois. ........................................................................ ... 26 

References .......... ........ ......................... 27 

Figures 

1. Daughter payload. ............................................................................................................... 5 

3 .  The photometer experiment. ............................................................................................... 8 

3. Chemical release canister (side) .......................................................................................... 12 

4. Chemical release canister (fonvard/aft) ............ 13 

5.  Trajectory ................................................................................................... ...... 17 

Vi 



1. Introduction 

This document describes the TRIO mission. which is a collaboration mainly between The Aerospace 
Corporation, the University of Illinois, and Clemson University. The objective of the experiment is to 
investigate the evolution of the atmospheric response, at altitudes between 80 and 120 km, to the 
presence of unstable regions with vertical scales of the order of 1 to 10 km. Two instrumented/ 
chemical-release mother-daughter payloads (21.136 and 2 1.137) on Black Brant VBs and three 
chemical-release only payloads (4 1.05 1,4 1.052.4 1.053) on Terrier Orions. will be launched from the 
Pacific Missile Range Faciliw on Kauai, Hawaii in November. 2004. The two mother-daughter pay- 
loads and one of the chemical-release only payloads will be launched over a period of one and a half 
hours on one night. The two other chemical-release payloads will be launched on other nights. 
Launch conditions and mission data will be obtained using a ground-based lidar operated by the Uni- 
versity of Illinois and located on Mt. Haleakala on Maui. Hawaii. The Principal Investigator for 
TRIO is Dr. James H. Hecht of The Aerospace Corporation. Prof. Miguel F. Larsen of Clemson Uni- 
versity is the Lead Co-Investigator at Clemson responsible for all the chemical release payloads. The 
Lead Co-Investigator at the University of Illinois is Dr. Alan Z. Liu. 
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2. SciencelMission Overview 

2.1 Science Overview 
This project is designed to build on the results from the successful launch of the Turbulent Oxygen 
Mixing Experiment (TOMEX) mother-daughter (instrumented and chemical-release) payload 
(2 1.126) that was launched in October 2000 from the White Sands Missile Range. The overall sci- 
ence objective is to investigate the evolution of the atmospheric response at altitudes between 80 and 
120 km to the presence of unstable regions with vertical scales of the order of 1 to 10 km. 

TOMEX showed a considerable variety of atmospheric responses to the presence of unstable regions. 
Kelvin-Helmholtz (KH) billows were observed in a region of a dynamical instability. A large (10 km 
vertical). nearly well-mixed region, was found in an altitude regime that was in and out of instability 
for a long period of time prior to the rocket launch. These altitudes were also affected by a large- 
scale atmospheric gravity wave (AGW) that could also have contributed to the observed mixing. 
Other smaller vertical regions, which were dynamically unstable, showed enhanced turbulence and/or 
unusual mixing. A region above 100 km that had large winds and wind shears showed enhanced 
neutral-density fluctuations and energy dissipation. 

These results clearly show that a sequence of rocket measurements on the same night is critical to 
understanding the atmosphere's response to instabilities and would allow us to address the following 
questions: 

Does the atmosphere respond differently to dynamically and convectively unstable 
regions? 

What is the temporal evolution of Kelvin-Helmholtz billows? 

What is the relative importance of AGWs and instabilities in determining the vertical 
structure of atomic oxygen'? 

Do convectively unstable regions develop long-lived billow type structures? 

How rapidly do changes in energy dissipatiordeddy difision occur and persist after the 
formation of unstable regions? 

How rapidly do changes in turbulent structures and vertical mixing occur and persist after 
the formation of unstable regions? 

An opportunity now exists to answer these questions in more detail by building on what we learned 
during TOMEX and in the earlier Coqui Dos campaign in Puerto Rico. Specifically. the worlds most 
sensitive steerable Na windltemperature lidar system, previously located at Starfire. has now been 
moved to the 3.67-m AEOS facility on Mt. Haleakala. Maui. The combination of the steerable AEOS 
telescope and the powerful University of Illinois lidar system allows the measurement of the fine 
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structure of the temperature. wind, and Na density. For integration periods of about 5 min. the tem- 
perature and meridional and zonal winds can be determined at an accuracy sufficient to determine the 
presence of unstable regions at vertical resolutions better than 1 km over the approximate 80- to 105- 
km altitude region. Because the telescope can be easily pointed, the system can make measurements 
totlard the northwest in the region over PMRF. which is about 400 km northwest of Maui. 

Thus. a system exists that can make continuous measurements of the atmospheric temperature struc- 
ture to determine whether an atmospheric region. at vertical scales down to 1 km or less. has a tem- 
perature gradient that exceeds the adiabatic lapse rate and therefore is convectively unstable, or has a 
sufficiently large enough wind shear to be dynamically unstable. The system can also measure the 
presence of AGWs. which can themselves alter the atmospheres constituent mixing ratio (e.g.. Hickey 
et al.. 2000). 

2.2 Mission Overview 
We propose to launch a chemical release module with upleg and downleg trimethyl-aluminum trails 
when the lidar begins to show the presence of a large unstable region forming. This will measure the 
atmosphere’s initial response to the presence of an unstable region. with respect to energy dissipa- 
tion/eddy difhsion and billow structure formation. One half hour after the first rocket. we will 
launch a motheddaughter payload from PMRF. The daughter payload will contain two instruments, a 
three-channel airglow photometer system and a five-channel ionization gauge system. The mother 
payload will contain an identical chemical release module. The daughter payload will separate from 
the mother around 70 km with a separation velocity of around 3 m/s. This configuration is identical 
to the payload launched during TOMEX and will allow in-situ measurements of turbulence, atomic 
oxygen densities, winds. eddy diffusion, energy dissipation, and billow structures, thus providing a 
more detailed measure of the atmospheres response to the instability. An hour after this rocket, a sec- 
ond motheddaughter payload will be launched to continue detailed measurements of the time evolu- 
tion of the atmosphere-s response. The remaining two chemical release modules will be launched on 
different nights during instability events to provide a context for the main event. 

This project involves several institutions and a collaboration of scientists with both experimental and 
theoretical expertise who will provide instrumentation for the payloads, carry out supporting ground- 
based observations, and participate in the post-flight data analysis. 



3. Instrument Descriptions (Daughter Payload) 

The two instrumented payloads (21.136 & 21.137) on Black Brant VBs will each consist of an 
instrumented daughter payload containing two Aerospace-supplied instruments that will be ejected 
below 70 km at about 3m/s from the Clemson-developed chemical release mother payload. 

Each daughter payload (Figure 1) will include a five-channel ionization gauge experiment and a 
three-channel photometer experiment. The chemical released from the mother payload will be TMA. 
This combination was the same as was launched on TOMEX (2 1.126) and JOULE (2 1,130). As in 
JOULE. the skin will be ejected along with the nosecone, and thus, unlike TOMEX. there will be no 
doors. 

Launch conditions will be determined by the University of Illinois lidar located on Maui analogous to 
the situation during TOMEX at WSMR when that lidar was located in Albuquerque. 

An ACS should be used to maintain the pointing as close to zenith as possible (preferably 1 "). The 
coning should be less than 5". The ACS should be turned off between 80 and 120 km on the upleg 
and downleg. The spin rate should be 1 Hz. 

ION GAUGE 
ELECTRONICS- 

-(ON GAUGE 
COOLING CONTROL :FO?WARD LOOKING) CONNECTOR 
CANNON DEM 9P - 

-PHOTOMETE'? 
-ELESCO?E 
3x N 2  INPUT- 

PHOTOMETER THERMAL 
CONTROL BOX 

PHOTOMETER 
HV/PAD UNITS- -PH CTOMRER 

COOLING BLOCK 

4X ION GAUGE - PH OTOMRER 
(90 APART) HV/PAD UNITS 

Figure 1. Daughter payload. 
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3.1 Ionization gauge 

3.1 .I Description 
The purpose of the ionization gauges (IGs) is to provide an in-situ measure of turbulent densih fluc- 
tuations at vertical resolutions finer than can be seen by either of the other instruments on the rocket 
(below 1 km). The IG data will complement the TMA results. which have excellent horizontal but 
poor vertical resolution. Its principle of operation is well known: A volume of the gas to be meas- 
ured is partially ionized by a stream of electrons. then the resulting ions are collected by an electrode. 
The density of the gas is proportional to the ratio of the electron current to the collected ion current. 
Improvements made by Bayurd and Alpert [ 19501 allow modem-day ionization gauges to be used 
over pressure ranges of about lo-'" to lo-' torr. Liibken et 01. [ 1992. 19931 have recently exploited 
this technique to measure rapid densiv fluctuations in the mesosphere. 

The IG uses four sensors arranged around the circumference of the payload to allow the effects of 
rammed flow to be compensated for, similar to that flown on missions 2 1.1 15 and 2 1.1 16. In addi- 
tion a forward-looking unit. comprising two sensors. allows the ram environment to be understood. 
Each IG sensor utilizes a miniature gauge available commercially from Anelva Corporation. The 
sensor. depicted in Figure 2 is small and requires less power (2 W) than other available devices. The 
device is sealed before launch and opened by breaking the seal once the payload has attained altitude. 
A getter is used to maintain vacuum on the pad. Electronics inside the payload provide the circuitry 
to control and measure the emitted electron current as well as to measure the collected ion current. 
High-resolution, high-speed analog-to-digital converters are used in order to provide rapid ( 1 kHz) 
measurements spanning a large dynamic range (-lo6) in pressure. 

3.1.2 Requirements 

3.1.2.1 Mechanical Accommodation 
The mechanical accommodation requirements are similar to those for the TOMEX (2 1.126 & 
21.127) and JOULE (21.130). Figure 2 contains a schematic of this accommodation. 

Figure 2. Ionization gauge sensor with vacuum cap sealed. 
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3.1.2.2 Flight Attitude 
The IG requires postflight attitude knowledge accurate to 1' 

3.1.2.3 Electrical Power 
The IG requires 12 V and 450 mA per sensor. For 6 sensors. the total current is 2.7 A. Only 5 getters 
are needed. and they are supplied only from the umbilical. and each one takes about 4.2 A i@, 8 V. 
But they are run in series, and thus 40 V are required. Power for the getters is provide form the block 
house. 

3.1.2.4 Telemetry 
Each IG sensor requires a WFF93 differential serial channel consisting of continuous clock, enable, 
and major frame. Each serial channel provides 60 kbps. and 60 bit samples are expected every 1 ms. 
In addition, each sensor requires 8 analog housekeeping channels per sensor or 48 total telemetered at 
about 10 sps each. 

3.1.2.5 Commanding 
The IG requires a timer event to actuate the pyrotechnics used to open the IG vacuum doors at alti- 
tude. A second timer event is required to turn on the IG filaments at altitude. In addition. the getters 
must be commandable by an umbilical command (no need to operate the getters in flight), and the 
filament power must be commandable through the umbilical. This system was used for 2 1.126 . 
2 1.127, and 2 1.130. NASA provides pull away umbilical. 

3.2 Photometers 

3.2.1 Description 
A set of three photometers provides uplooking zenith brightnesses for the three auroral emission fea- 
tures. The photomultiplier tubes are all mounted in an aluminum block that is cooled prior to flight 
by liquid nitrogen to a temperature of approximately -20°C to reduce the dark count rates to accept- 
able levels, The LN2 lines are cut at launch ,and the block stays at low temperature throughout the 
flight. Three filters are used to isolate channels centered on the following features. One is at 762.0 
nm with an FWHM of 8 nm and therefore isolates the 02A(0,0) band. The second is at 773.5 nm 
with an FWHM of 5 nm and therefore isolates part of the OH(9,4) band. The third is at 820.0 nm 
mith an FWHM of 5 nm and isolates background (non-OH or 02A airglow). Figure 3 depicts the 
photometers as they will be deployed. 

All data will be corrected for the van Rhijn effect that \vas negligible for the well-pointed TOMEX 
launch. Follo~ing the ETON approach atomic 0 densities can be obtained from these data (e.g. 
McDade et al., 1986; Melo et al., 1996). This experiment was successfully flown on Coqui Dos and 
TOMEX and the same experiment but with different filters was flown on JOULE. Atomic 0 can be 
obtained at vertical resolution of about 1 km from 83 km to 105 km. 
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Figure 3. The photometer eqeriinent. 

3.2.2 Requirements 

3.2.2.1 Mechanical Accommodation 
The mechanical accommodation requirements are similar to those for the TOMEX (2 1.126 & 
2 1.127) and JOULE (2 1.130) as depicted in Figure 3 .  

3.2.2.1 Flight Attitude 
The photometers requires postflight attitude knowledge accuratc to 1 O. 

3.2.2.1 Electrical Power 
The photometers require 450 mA at 12 V for the photometer power. We also require 1.5 A periodi- 
cally at 15.6 V for the photometer heater power. The duty cycle for the heater is about 15 s every 3 
min. 

3.2.2.1 Telemetry 
Each of the three photometers produces counts that will be accumulated by a counter on a TM counter 
deck. Thc differential counters will be free-running (no reset). and we are requesting 18 bit counters. 
The sample rate for each photometer is 50 samples per second (2700 bps). We also have 17 analog 
channels for housekeeping to be digitized at 10 bit resolution at 50 sps (8500 bps). The telemetry is 
similar to what was done for TOMEX (21.126 & 21.127) and JOULE (21.130). 
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3.2.2.1 Ground Operations 
Our previous experience with cooling of the photometers indicates that we will need approximately 
100 liters of liquid nitrogen with dewars of 75-1 00 psi for an eight-hour period of launch readiness. 
Aerospace will provide insulated tubing from the dewars to the photometers and the associated hard- 
ware. NASA is to provide rigging for the pull-away photometer cooling line. We also need 110 V 
AC for the photometer LN2 flow control box. 
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4. Chemical Release Modules 

The chemical released from this module (TMA) reacts with atmospheric atomic oxygen, which pro- 
vides a visible trail that is photographed from multiple sites. An analysis of the motion of the visible 
trail provides a measure of winds, diffusion. and the evolution of turbulent structures. Two of these 
modules will be part of the motherdaughter payloads (2 1.136 and 21.137). and three will be released 
separately (4 1.052 CE and 4 1.053) on Terrier Orions 

4.1 Description 
The chemical tracer payloads for the TRIO mission include 17-in. payload sections on each of the 
21.136 and 21.137 vehicles and 14-in. payloads on the 41.051.41.052. and 41.053. One ofthe 17-in. 
payloads is a refurbished payload that was originally part of the TOMEX mission (White Sands Mis- 
sile Range. October 2000) but was not flown. That payload section has two side-by-side 6-in. canis- 
ters with separate plumbing, explosive valves. and solenoid valves for each canister. One canister 
produces an upleg trail and the other produces a downleg trail. 

The new 17-in. payload and the three 14-in. payloads each have a single 9-in. canister and a single 
explosive valve and solenoid valve. The volume of trimethyl aluminum TMA in those canisters is 
sufficient to produce both upleg and downleg trails (6 kg total), and the flow is controlled by the sole- 
noid valve. 

Side and end views of the 9-in. canisters in the 14-in. skins are shown in Figures 3 and 4. The layout 
for the 9-in. canister in the 17-in. skin is identical except for the size of the skin and is not shown. 

All chemical release canisters and valves are the same on both payloads. A movable piston with 0- 
rings provides a seal between the TMA section and the pressurized nitrogen section. The nitrogen 
provides the force to move the piston and eject the TMA when the explosive valve is actuated. The 
explosive valve is manufactured by Conax and has a 1-A for 1 second no-fire condition. The mass 
release rate is controlled by a combination of the nozzle orifice size and the nitrogen pressure. The 
plumbing for the canisters on each payload will include a Circle Seal electronic solenoid valve 
located between the explosive valve and the TMA exit nozzle. The purpose of the valve is to modu- 
late the TMA flow at a duty cycle of approximately 50% for the duration of the release. The valve 
requires a current of 1.95 A and an operating voltage of 24 VDC. 

Clenison will provide electronic timer circuitry to control the modulation sequence for the solenoid 
valve. The circuit design. pin outs, and connectors will be the same as those flown successfully on 
the 14411. payloads in the recent HEX and JOULE missions from Poker Flat (February 2003). 
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Figure 4. Chenlical release canisster (fonvardaft). 

4.2 Requirements 

4.2.1 
There are no special requirements for the chemical release payloads. 

Outgassing, magnetic sensitivity, radio frequency interference requirements 

4.2.2 
The chemical releases will be initiated near 80 km altitude on the upleg and will cover the altitude 
range up to approximately 150 kni when the upleg TMA canister is cxhaustcd. The downleg release 
will be initiated near 150 km altitude and will continue until the downleg TMA canister is exhausted 
near 80 km altitude. Apogee should be greater than 160 km. The releases will be modulated by sole- 
noid valves for the duration of the release with a nominal sequence of 2 s on/4 s off. 

Timelaltitude of experiment related events 

More detailed information about the launch scenarios is provided in the main section of the Experi- 
menter's MIC package. 

4.2.3 Instrumentation/telemetry 
There are no special instrumentation or telemetry requirements for the chemical release portion of the 
experiment. 
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4.2.4 Flight qualification/operational status of experiment's subsystems 
The same types of subsystems have been flown in previous experiments as described above. We do 
not expect any significant changes from the systems flown in the past. with the exception of the 
increase in the canister diameter size. as described above. 

4.2.5 Restrictions, precautions, special requirements 
The primary restrictions are associated with the loading of the TMA canisters at the launch site. A 
safe area that can be isolated is required for loading operations. 

Kerosene (K- 1 or JP4/5) and laboratoq-grade nitrogen ( 5  ppm water vapor/ I O  ppm oxygen) are 
required at the launch site for the loading operations. 

4.2.6 Range support 
No special support requirements other than a safe area for TMA loading. 

4.2.7 Launch conditions and windows 
The chemical tracer experiments require a solar depression of 8" or greater and that the moon is 
below the horizon. The science criteria are described in more detail in the main section of the 
Experimenter's MIC package. 
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5. Ground-Based Instruments at MAWMALT Facility 

5.1 Description 
The AEOS facility houses a number of instruments used to observe the 80- to 1 10-km region. The 
key instrument is the Na lidar. However, two airglow imagers similar to those present at Starfire 
during TOMEX are also present on Maui that can obtain images of the airglow. Because of the dis- 
tance to Kauai, an airglow imager will be placed at PMRF by Dr. Swenson. This allows observations 
of the horizontal and vertical wavelengths and velocities of AGWs passing through the airglow layers 
between Maui and Kauai. 

The AEOS telescope (20.4 N. 156.1 W ) is operated by the Air Force Research LaboratoI); at the Air 
Force Maui Optical Station (AMOS). The facility is located on top of Mt. Haleakala and includes a 
3.67-m-dia fully steerable astronomical telescope. The Na windhemperature lidar and airglow imager 
is currently deployed and operating at Maui. The lidar will be coupled to the telescope using the 
coude' path. This will allow the lidar to be pointed in any direction and will support a wide variety of 
experimental configurations. including the ability to probe selected regions of breaking wave fronts 
observed by the imagers. The 3.67-m telescope gives a comparable power aperture product compared 
to Starfire where the vertical integration w-as 24 m. Summing these over a 96-m range in 1.5 min. of 
integration time gives a root-mean-square error of better than 2K in temperature and 5 m/s in winds. 
Real-time output from the lidar will allow line-of-sight temperature and wind profiles to be used to 
determine the atmospheric stability, a key parameter in determining the launch. Nine 5-h nights of 
telescope time will be bought. 

5.2 Requirements 
The data from the lidar will be used to determine whether the proper launch conditions exist. There- 
fore, telephone communications must be available between the AEOS facility and PMRF. Also, 
NASA must arrange access to telemetry data at AEOS through a fiber link, and high-speed internet 
connection to Dr. Swenson's imager on Kauai. 
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6. Special Launch Requirements 

6.1 Lidar Pointing 
The AEOS lidar facility on Maui with respect to a launch from PMRF on Kauai adapted from the 
AEOS manual. A schematic trajectory is shown with lidar beams (yellow) probing before and after 
the launch. 

The AEOS facility is part of the Air Force Maui Optical Station (AM0S)located on Mt Haleakala on 
the island of Maui (20.42 N, 156.15 W, 3058m alt). This is about 400 km from PMRF as shown in 
Figure 5. The elevation angle to the 95-km point of the upleg trajectory would be about 13" and thus 
can be viewed from this site. As in TOMEX, we would point the telescope in a sequence of 5 posi- 
tions. Assuming a trajectory with the upleg and downleg both close to Kauai, two positions would be 
at 30" elevation angle to probe the temperature and meridional and zonal winds between Maui and 
PMRF. This angle should not require any FAA approval. ind therefore continuous measurements 
would be possible. Three others would be at lower elevation angles towards the line of site to PMRF 
and intersecting the rocket trajectory near 95 km to probe the spatial variability of the winds and tem- 
peratures. Because of the desire to view, the launch would depend on the existence of either a large 
horizontal spatial scale convective or dynamic instability. 

6.2 Launchers 
Launch corridors exist at 140" and 210" azimuth from Kauai. Our understanding is that currently one 
launcher exists for the 140" azimuth, and two launchers exists for the 2 10" azimuth. Ideally, all three 
launches should go down the 140" azimuth. However, if this is not possiblc. the second choice would 
be all three down the 2 10" azimuth comdor. In any event, on the first launch night, two 
mother/daughter payloads and at least one chemical only must be available for launch. 

Figure 5 .  Trajectory. 
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6.3 Launch Window 
We desire a full 17-night moon-down period in November 2004. The window would be from sunrise 
to sunset to accommodate the possibility of purchasing a full (10 h) night instead of a 5 h half night of 
telescope time. As in TOMEX, we would cancel a night of counting a day in advance if the weather 
looked bad, and if canceling is allowed by the AEOS facilit\. director. 

There would be a possibility of launches on three separate nights: 2 motheddaughter and a chemical 
only on one night, and chemical only on two separate nights. However, we would prefer the two 
chemical only rockets go on the same night. Two standard data products pointing information should 
also be given with respect to local zenith. 
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7. Payload Requirements 

7.1 Overview 
The TOMEX payload is a new payload, although the photometers, as well as the IG experiment, have 
flown successfully on previous flights including TOMEX (2 1.126) and JOULE (21.130). For TRIO. 
as in JOULE, Aerospace will provide the instruments, and NSROC will build up the payload. 

7.2 Payload Layout. 
Aerospace will provide the IGs and photometer experiments as discussed above. NSROC will pro- 
vide the payload structure, deckplates, skin. and nosecone and connectors to the Aerospace experi- 
ments. We expect the daughter section of the payload to resemble JOULE. although in TRIO there 
are only hvo experiments. the photometers and IGs. The Appendix provides drawings of the desired 
placement of the instruments on the deckplates based on our experience with JOULE. It also pro- 
vides pinouts to the IG and Photometer experiments. 

7.3 Power System 
NSROC will provide standard bus voltages with current capacities capable of powering all payload 
systems. The Instrumentation section and the Appendix list the power requirements for each 
instrument. 

7.4 Payload Instrumentation 
NSROC will provide the following systems: 

Pyrotechnics system. The pyro events needed for the IGs are listed in the above sections. 
Pyrotechnics to be supplied by WFF. 

Timer system. The timer events needed for each experiment are listed in the above sections. 
An ACS system is required. The ACS should be capable of aligning the daughter payload 
within 1" of zenith prior to 80 km altitude on the upleg. No gas shall be fored between 80 
and 140 km on the upleg, and between 140 km and 80 km on the downleg. 

Attitude gyro. An attitude gyro capable of 1" accuracy is required. 

Attitude magnetometer. A magnetometer (two or more axes) is required for attitude 
information. 
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7.5 Telemetry 
A PCM telemetq system supplied by NSROC is required. A 400-kbps link should be adequate to 
accommodate all the telemetry rates for each instrument. 

7.6 Electrical Connectors 
NSROC ~7ill supply electrical connectors to mate with the Aerospace experiment connectors listed in 
the Appendix. 

7.7 Vehicle Dynamics 
A roll rate of 1 Hz is required during deployment of the daughter payload from 80 to 120 km on the 
up and downlegs. 

As was done on TOMEX (2 1.126). the payload should be rotated near apogee by 180" so the front of 
the payload faces the ground on the downleg. 

7.8 Nose Cone and Skin 
We require an ogive nose cone as was provided on JOULE (2 1.130) 

7.9 Environmental Issues 

7.9.1 Outgassing 
Outgassing by electrical and mechanical components should be minimized to protect instrument sys- 
tems and enhance the value of the scientific data. Standard practices are to be observed: 

Select low-outgassing materials from applicable NASA publications. 

Use clean, bare aluminum payload skin 

No anodization on payload exterior parts or parts that might reach high temperatures 
(gold indite acceptable). 

Scrupulously clean entire payload of flus, debris. fingerprints, etc. with an approved 
solvent. 

Vent potential gas pockets to allow rapid pump out. 

Seal battery packs and squibs where possible. 

7.9.2 Magnetic material sensitivity 
Strong magnetic fields in the vicinity of the instrument are to be avoided. 

7.9.3 EM1 considerations 
Follow standard practice. 
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8. Mission Requirements 

8.1 Integration 

Integration will occur at WFF. 

8.2 Testing and Evaluation 
Standard tests are to be performed during T&E at WFF. These should include at least. 

Vibration 

Spin Balance 

VSWR 

Mass properties 

Bend test 

Transmitter power and modulation index with TRADAT on/off. 

Electrical integration tests - instrumentation PCM. etc. 

Deployment tests under spinning conditions - no vacuum required. 

Sequence tests with match squibs 

8.3 Ground Support 

8.3.1 Telemetry ground station 
Real-time decommutation, D/A conversion, anc, strip chart recording of selected PCM signals are 
conducted at the telemetry ground station. D/A conversion and strip chart recording of all PCM 
telemetry is required after each pre-launch check and post flights. Recorder formats will be supplied 
for the flight requirements plan. We require at least one 8-channel strip chart recorder for payload 
checkout and prelaunch diagnostics. We also require a parallel interface to a TDP bit sync for this 
purpose in the operation center at PMRF and acccss to tclcmctry at the science center at AEOS on 
Maui. This will probably need to be a fiber-optic link from PMFW on Kauai to AEOS on Maui. 

Control of the instrumentation will be provided by WFF by an appropriate control panel. 
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8.3.2 Imager at Kauai 
A high speed internet connection is needed behveen PMRF and AEOS to allow retrieval of the 
imager located at PMRF. 

8.4 Other Range Support 
Dry nitrogen purge 

Alcohol and acetone for pre-launch cleaning 

8.5 Post-launch Requirements 
The following are to be delivered to the Experimenter in a timely fashion after launch: 

Telemetered data on standard data medium. 

Trajectory information accurate to 100 m or better. 

Attitude information accurate to 1" or better. 

In addition to standard data products, attitude information must also be given 
with respect to local zenith 
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9. Success Criteria 

9.1 Comprehensive Success Criteria 

9.1.1 Campaign 
Two Mothermaughter Payloads and one TMA-only Payload launched on one night in sequence 
meeting the followhg criteria. 

9.1.1.1 Instrumented Vehicle Performance. 

Despin to 1*0.25 Hz. 

Apogee within 20 km of nominal 140 km 

Coning half angle of less than 5" 

Daughter Payload Pointing within 3" of zenith. 

9.1.1.2 Instrumented Daughter Payload System Performance. 
All payloads hnction nominally. 

Nominal deployment of daughter payload at or below 65 km. 

Separation velocity of daughter payload 3 m/s nominal. 

Attititude sensors allow reconstruction of attitude to an accuracy of 2" or better. 

9.1 .1.3 Science Instrument performance. 
Both the IG and photometer hnction nominally throughout flight. 

9.1.1.4 Mother/Chemical Release Payload Performance. 
TMA release on both upleg and downleg in the altitude range from 80 to 120 km. 

At least one of the trails is puffed between 80 and 105 km. 

9.1.1.5 Ground System Performance. 
Reception of Telemetry for at least 95% of the time the payload spends above 75 km. 

Tracking information good enough to determine trajecton to an accuracy of 100 m or 
better. 
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9.2 Minimum Success Criteria 

9.2.1 Campaign 
One MothedDaughter Payload and one TMA only Payload launched on one night in sequence 
meeting the following criteria. 

9.2.1.1 Instrumented Vehicle Performance 

Despin to b0.25 hz. 

Apogee above 110 km140 km. 

Coning half angle of less than 5" 

Daughter Payload Pointing within 10" of zenith. 

9.2.1.2 Instrumented Daughter Payload System Performance 
Nominal deployment of daughter payload at or below 65 km. 

Separation velocity of daughter payload 3m/s nominal. 

9.2.1.3 Science Instrument Performance 
At least two of the photometer channels function nominally 

9.2.1.4 Mother/Chemical Release Payload Performanee 
TMA release on either upleg and downleg in the altitude range from 80 to 1 10 km. 

9.2.1.5 Ground System Performance 
Reception of telemetry for at least 85% of the time the payload spends above 80 
and below 120 km. Reception at least 95% of the time between 85 and 100 km. 

Tracking information good enough to determine trajectory to an accuracy of 100 
m or better. 

24 



10. Contact Information 

10.1 The Aerospace Corporation 
James Hecht (PI and Photometers) 
The Aerospace Corporation 
P. 0. Box 92957 
Mail Station M21259 
Los Angeles. CA 90009 
310 336 7017 
3 10 336 1636 (FAX) 
j ames .hechtqaero .org 

Paul Carranza (Electrical Engineer) 
The Aerospace Corporation 
PO Box 92957 
Mail Station M21255 
Los Angeles CA 90009 
310 336 5869 
3 10 336 1636 (FAX) 
Paul .carranza@aero.org 

James Clemmons (IG PI) 
The Aerospace Corporation 
P. 0. Box 92957 
Mail Station M2/259 
Los Angeles, CA 90009 
310336242s 
3 10 563 3049 (FAX) 
james.clemmons@aero.org 

Mike Ben-Ami (Mechanical Engineer) 
The Aerospace Corporation 
P.  0. Box 92957 
Mail Station M2J255 
Los Angeles, CA 90009 
3103361650 
310 336 1636(FAX) 
michael .ben-ami@aero.org 
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10.2 Clemson University 
M. F. Larsen (TMA Release PI) 
Department of Physics 
Clemson University 
Clemson, SC 29634 
864-65 6-5 3 09 
864-656-0805 (FAX) 
Mlarsen(@clemson.edu 

James Mann (Mechanical) 
Department of Physics 
Clemson University 
Clemson. SC 29634 
864-656-53 1 1  
864-656-0805 (FAX) 
mannj,@clemson.edu 

10.3 University of Illinois 
Alan Liu (Lidar at AEOS) 
308 CSL 
1308 West Main St 
Urbana. IL 6 180 1 
217 333-6982 
217 333-4303 (FAX) 
liuzrQuiuc.edu 

Gary Swenson (Imager on Kauai) 
308 CSL 
1308 West Main St 
Urbana, IL 6 180 1 
217 333-4232 
217 333-4303 (FAX) 
swenson@uiuc.edu 

26 



References 

Bayard. R. T.. and D. Alpert, Extension of the low pressure range of the ionization gauge, Rev. Sci. 
Instrum.: 21,571-572, 1950. 

Hickey, M. P.. R. L. Walterscheid, and P. G. kchards. Secular variations of atomic oxygen in the 
mesopause region induced by transient gravity wave packets, Geophys. Res. Lett., 27.3599- 
3602,2000. 

Liibken, F.-J.. On the extraction of turbulent parameters from atmospheric density fluctuations. J. 
Geophys. Res. 97: 20,385-20,395, 1992. 

Lubken. F.-J.. G. Lehmacher. E. Thrane, T. Blix. U.-P. Hoppe, J. Cho, W. Swartz. and F. Schmidlin, 
First in-situ observations of neutral and plasma density fluctuations within a PMSE layer. 
Geophys. Res. Lett. 20.23 11-23 14, 1993. 

McDade, I. C.. D. P. Murtaugh. R. G. H. Greer:P. H. G. Dickinson. G. Witt. J. Stegman. E. J. 
Llewellyn, L. Thomas, and D. B. Jenkins, ETON 2: Quenching parameters for the proposed 
precursors of 02(b'C,') and O(' S) in the terrestrial nightglow. Planet. Space Sci., 34,789-800. 
1986. 

Melo, M. L., M. H. Takahashi, B. R. Clemesha, P. P. Batista, and D. M. Simonich, Atomic oxygen 
concentrations from rocket airglow- observations in the equatorial region, J. Atmos. Terr. Phys., 
58? 1935-1942, 1996. 

27 


